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Introductlonrlow-iiiolecular-weight  (MW),  cyclic  peptides 
(peptides  linked  through  an  amide  linkage)  and  depsipepddes 
(peptides  linked  through  an  ester  linkage)  comprise  a  smalt 
group  of  metabnhtes  produced  by  fungi,  algae  or  bacteria. 
Among  these  cydic  peptides  are  cyclosporine  (MW  1203). 
gramicidin- S  (MW  1141)  and  microcystin-LR  (MW  994), 
while  vajinomycu  (MW  till)  and  enniatin-B  (MW  63V) 
represent  cychc  dqpsipeptides.  These  cyclic  compounds  possess 
varied  pharmacological  properties,  ranging  from  antimicrobial 
activtfy-ftfiyalincaayon,  emuatm-B,  gramicidin-S,  microcystm- 
LR)  and  strong  immunosuppressive  activrty-^.  (cyclospo¬ 
rine).  to  antimalariai  activity^?]  (vaiinontycin.  cyclosponnc, 
gramicidin).  Many  of  these  small  cyclic  peptides  possess 
lonophorip properties,  exhibiting  differences  in  ion  selectivity 
anc(jfftniries  ( 1 J .  -ryrVc  ~  ,  v  * /-  .' 

c^The  toxicity  (IXt^)  of  these  Compounds  fc  in  the  range  of 
microgram  (microcystin-LR.  5o  fit  kiL.C  i.'p.,  mice) £4.  to 
milligram  (cyclosporine.  107  fttelvL-Fi. v.^riict)  (2J  quanti¬ 
ties.  Although  mice  treated  with  2Q0(3Mtr!J/Ui9a~~of 
cyclosporine  {Sfr'or  suMethal  doses  of  microcystir-LR^fr 
deve  loped  hepatic  vascular  congestion  and  fatty  liver,  there  is 
no  information  available  on  the  hepatotoxicity  of  the  other 
cyclic  peptides  and  depsipepddes  Microcystin-LR  induces 
liver  damage  in  onee-ft]  and  necrosis  of  cultured  hepatocytes 
after  several  hours  of  i  probation  with  the  toxin 

This  study  was  dengned  to  compare  celt  injury  induced  by 
these  cydic  peptides  and  depsipepddes  using  the  release 
of  LDH  and/jcCj  adenine  nucleotides  -PJ-  from  cultured 
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Material aad  MKhafe  tse  following  materials  were  obtained 
commercially  from  the  indicated  sources:  gramicidin-S 


(Chemical  Dynamics  Corp  ,  Sooth  Field,  NJ),  valinomyan 
(Calbiochem,  La  Join,  CA),  (uC)adenine  (50  raCi  mmol'1. 
New  England  Nuclear.  Boston,  MA),  tissue  culture  medium 
and  foetal  bevine  serum  aibmnin  (GIBCO,  Grand  Island, 
NY),  tisaue  culture  ware  (Beano- Lhduraon  Labware,  Lincoln 
Park,  NJ),  rat  tail  coBagea. cofagenase  type  IV,  5'-sdenosine 
monophosphate  (AMP),  5'-adeaoainc  diphosphate  (ADP), 
S'-ackaocine  tripbospbate  (ATP),  5’-mo*ine  monophosphate 
(IMP),  adenosine,  aad  sdrnnw  (Sigma.  St.  Louis.  MO). 

Male  PW.LEW,  cpageuic.  inbred  rats  (G.  Anderson. 
USAMRUD,  Fort  Derrick.  Frederick.  MD)  weighing  between 
250-300  g  were  used  for  afl  experiments.  Microcyitin-LR  (> 
95%  parity  by  HPLC)  was  obtasaed  from  Dr  W.  Carmichael, 
Wright  State  University.  Dayton,  Ohio  The  following 
materials  were  gifts  bom  the  atdkated  sources:  cyclosporine 
(Sandus  Laboratories,  East  Hanover.  NJ,  and  enniatin-B  (> 
95%  parity  by  TLC)  from  Dr  H.R.  Butmetster,  Northern 
Regional  Research  Center.  USD  A.  Peoria,  IL. 

Rat  hepatocytes  were  isnfslcd  and  cultured  according  to 

ors  ao  -  "  ^  ^ 


the  method  of  Eiliget  and  Kolaja  [8J.  After  overnight  incuba¬ 
tion,  hepatocytes  were  labelled  with  f'Cjadcninc  (0.2  pCi.  4 
pM)  as  dcso  bed  by  Shirhatti  and  Krishna  (7).  Aliquots  from 
the  supernatants  of  prclabeled  cells  incubated  with  the  cyclic 
peptides  were  analysed  for  the  release  of  labelled-nucleotides 
and  LDH  at  selected  time  intervals.  The  cells  were  lysed  with 
1  mL  at  0.05%  digitonin  and  an  aliquat  of  the  cell  lysate  was 
analysed  for  radioactivity  (Beckman  scintillation  counter, 
model  LS800,  Fullerton.  CA),  LDH  and  protein  content 
(Pierce  protein  reagent,  Rockford,  1L). 

(I4Q-Adenine  5 '-nucleotides  (AMP,  ADP,  ATP,  IMP), 
adenine  and  adenosine  of  hepatocyte  supernatants  were 
detcqnincd  by  thin  iayer  chromatography  on  PEI -cellulose 
plates  as  described  by  Bochner  and  Ames  [9]  and  compared 
with  standards  The  regions  corresponding  to  the  chromato¬ 
graphed  standards  were  scraped  from  the  plate  and  counted 
for  radioactivity.  Control  and  treated  hepatocytes  were 
examined  under  phase  contrast  microscope  (Nikon  Diaphot 
inverted  phase  contrast  microscope)  for  morphotogkal  changes. 

In  conducting  the  research  described  in  this  report,  the 
authors  adhered  to  the  Guide  for  Laboratory  Animal  Facilities 
and  Cat  as  promulgated  by  the  Committee  on  the  Guide'  for 
Laboratory  Animal  Resources,  NAS/NRC. 

Results  and  discussion:  Hepatocytes  incubated  with  1  pM  (or 
10  pM.  data  not  shown)  of  vahnomycin.  gramicidin -S, 
cnriatm-T  or  cyclosporine  over  a  24  hour  incubation  period 
did  nor  release  [  “Cjademne  nucleotides  or  LDH  (Figures  1A 
and  IB)  greater  than  control  levels  or  induce  any  morpho¬ 
logical  changes  (data  not  shown).  However,  hepatocytes 
treated  with  I  pM  microcystin-LR  released  significant 
amounts  of  Uhelled-nudeotide  and  LDH  (Figures  1A  and 
IB)  over  time  as  compared  to  the  release  by  control  celts. 

Furtbamotc.  mkrocystin-LR  (0.1-50  pM)  induced  dose- 
and  time -dependent  release  of  (“Cjadeiune  audeotides 
(Figure  2)  and  LDH  (data  not  shown).  In  addition,  1  pM 
mtcrocysbn-LR  caused  deformation  (rounding  and  Webbing) 
in  cell  morphology  (data  not  shown)  coasotuf  with  the 
observation  of  an  earlier  report  (10). 

In  order  to  determine  whether  the  other  cychc  peptides  and 
depupeptidcs  induced  toxicity  in  cultured  rat  hepatocytes  at 
levels  >  10  pM,  cells  were  incubated  with  50  pM  of  valinotry- 
cin,  cyclosporine  or  gramicidin-S  for  a  total  of  24  h. 
Enniatin-B  was  not  tested  at  50  pM  due  to  inadequate 
supplies.  At  50  pM.  vaimomycm,  cyclosporine  and  grarmcxhn-S 
induced  a  significant  time -dependent  release  of  both  labelled - 
nucleotides  and  LDH  from  hepatocytes  as  compared  to 
control  cetts  (Figures  3A  and  3B). 

Differences  in  the  percent  of  marker  release  were  observed 
in  cells  treated  wjth  cyclic  peptides  and  depwpepode 
Gr»m«ckfe>-S.  tnisrccyaiir-LR  of  vahnomycin  treated  cells 
released  approximately  00%  of  the  total  nudcoodes  (Figure 
3A)  wrtbm  the  first  2  h  of  incubaticHi.  Cydoaponae  induced 
90%  release  of  labeled  nucleotides  from  hepatocytes  between 
4-6  b  of  incubation  (Figure  3A).  The  rate  of  LDH  release 
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figure*  lAandlB:  Effect  of  I  pM  mkrocysan-LR  I* — *).  cyclosporine  i'0— Oj.  gi anichim-S  ralinoasydn  (m — a),  or  niiilnew-g  ■'*-  A) 

on  the  release  of  ('‘Clademne  nuckoedes  It  A)  and  LDH II B)  from  cultured  ret  hepetoeyeesm  compared  so  control  (a— a).  Each  point  represents 
the  WM  of  six  demmatanons,  wdh  }-7%  devmaon.  Values  for  the  release  of  smites  differed  si&uficatsty  from  control  fibres  only  for 
rmcrocystm- LB  atanreig  after  4  h  ( p  *£  0.(25,  Student's  t Seer)  Smtdmd « lenamon  bars  were  ehminated  foe  dusty. 


lUcrocysun  -  LRfciM) 


figure  2.  Effect  of  mecrocystm  LB  0.1  -St  pM)  on  dse  rtieme  off  ‘Cfadeni 
4  (b—b).  or  6  k  fo- O).  Each  point  represent  the  mam  of  dtrtt  dttermmah 
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Firuta  3 A  and  38:  Effta  of  V)  pM  nmcrocyttm-LR  fit—*),  < ydotporine  (0-01.  grmmtudtM-S  (a— PI,  or  vaiuwnycin  fm-a)  on  Ike  release  of 
l‘iClademne  imdeodda  (JA)  and  LOH  I3B)  fromculaued  rot  hepmocyta  et  compered  10  control  <o—t).  Each  poou  rtpretam  the  mten  of  tu 
dtstrmmaaons.  mdi  3-7%  drnaaoa.  Vehta  for  the  release  of  marten  differed  stpafearuty  (p  <  0.03.  Smdem  i  t-  rest)  from  control  figures  for  all 
naaneaa  except  for  LOH  rekmt  at  2km  valtnomycm  end  cydorporme  vemrment  Standard  detection  ban  were  i  lrminated  for  darby. 


from  gramicidin-S  treated  celts  was  parallel  to  the  release  of 
labelled  nucleotides  (Figure*  JA  and  3B). 

There  was  a  2  h  lag  in  the  release  of  LOH  at  compared  to 
the  release  of  nudeohde*  from  ceils  treated  with  valioomycm 
or  with  cyclosporine.  The  percentages  of  LOH  released  at  2 
and  4  h  from  cells  treated  with  nncrocysiw-LR,  vahaomycin 
and  cyclosporine  were  significantly  less  than  the  percentages 
of  nucleotide*  releaned  at  the  same  time  points  (Figures  3A 
and  3B). 

The  Rf  values  for  AM?,  AD?,  AT?,  IMP  and  adenosine 
were  0  68.  0.34,  0.1,  0-58  and  0-54,  respectively.  Due  to  the 
poor  resolution  in  separating  adenosine  from  IMP,  the  bands 
corresponding  to  these  two  compounds  were  quantified  is  one 
and  reported  a*  IMP.  The  dhtritnnkm  of  labelled  nucleotides 
released  into  the  medium  (8  h,  SDpM)  was  the  ubk  in  control 
and  tons  treated  cells  (AMP.  8*V  ALP,  8%;  ATP.  0.5%). 

In  conclusion,  the  release  of  LDH  and  ndemne  nudeoories 
from  cultured  rat  bepatocytes  indicated  that  at  50  pM,  the 
cyclic  peptide*  and  depsye  pride*  tested  in  this  study  were 
bepatotonc.  Comparatively,  at  low  concentration  (1  pM), 
mxrrocystm-LR  exhibited  the  greatest  cytotoxicity  among 
these  hepatotonns. 
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